Abstract Resurfacing replacement represents the most conservative solution available for total arthroplasty of the hip. However, despite the excellent results reported by highly experienced surgeons, a small but not insignificant body of literature has been published on the more controversial aspects of this approach, mainly those related to the biological and mechanical vulnerability of the retained epiphysis. We report here our evaluation of most of the variables inherent to this procedure (surgical exposure, implant design, technical steps). Based on our results, we conclude that the short-term outcome is strongly related to the surgical approach and the relationship between implant design and cementing technique. Even if posterior approaches are currently widely accepted for resurfacing replacement, the ability to preserve the medial circumflex artery has been questioned, and an alternative exposure has been proposed with good results (antero-lateral, lateral and digastric trochanteric osteotomy). Moreover, a minimally invasive posterior approach could increase the risks of vascular damage. Alternatively, inner implant geometry could affect the distribution of cement over the epiphysis when other variables (direct or indirect cementing technique, viscosity) are not properly selected.
Introduction
Currently accepted concepts in the area of total hip replacement are becoming increasingly focused on conservative procedures, both in surgical approaches and implants.
In terms of the design of a prosthesis, resurfacing hip replacement represents the less invasive femoral solution available for primary procedures. The maximum preservation of bone using this implant strongly recommends its use in young and active people, thereby saving most of bone stock for future revisions and conceding a functional joint restoration that falls within physiological range. However, fixation at the bone-implant interface and preservation of biological integrity of retained bone have been questioned as a result of early failures due to neck fractures and avascular necrosis.
The aim of this prospective study was to evaluate early implant behaviour by analysing the mechanisms of failure and related risk factors as these represent critical items in terms of the increased impact of an early revision in a young patient population.
Materials and methods
A total of 60 consecutive resurfacing hip replacements performed between 2001 and 2005 in 58 patients were prospectively evaluated during a mean follow-up period of 32 months (range: 2-44 months). Relative youth (range: 30-60 years), a high functional activity level, good bone stock and absence of morphological changes in the femoral head and neck were indications for this implant. The mean age of our patient cohort was 46.82 years (minimum: 30 years; maximum: 59 years; SD: 6.44 years). The preoperative diagnosis was primary osteoarthritis of the hip in 57 hips (95%,) and post-traumatic arthritis in three hips (5%). Avascular necrosis of the femoral head and femoral dysplasia such as an extremely short femoral neck (<2 cm) were considered to be exclusion criteria.
A postero-lateral approach was used for all implants and all operations were carried out by the same surgeon. Clinical evaluation, based upon Harris Hip Score (HHS) [11] , was carried out pre-operatively and post-operatively (1, 3, 6 months and each year thereafter).
The results of radiological examinations (radiolucency, osteolysis, bone thickening, femoral notching) were analysed and registered on the basis of the Gruen scheme [3] , (Fig. 1) while the implant orientation of the femoral components was related to the neck inclination (varus/ valgus) (Fig. 2) . Orientation in the lateral plane was evaluated but not systematically reported in this study because of technical difficulties in obtaining a reproducible projection for all patients. It is likely that a computed tomography approach would enable a more reliable evaluation and should be adopted in future studies.
We also evaluated the distance between the stem and medial and lateral neck cortex on antero-posterior (AP) radiograms (calculated by establishing a ratio between the distance observed and the known dimension of the femoral component) and related this parameter and valgus orientation to the presence of supero-lateral notching.
Heterotopic ossification was detected by standard methodology and classified using the Brooker method [6] .
Complications, such as painful implants, fractures and loosening, were closely monitored and treated when assessed to be necessary. A subsequent revision procedure was considered to be an exclusion criterion, and the respective patient was excluded from the study cohort after revision.
Each implant and the complications eventually detected -if any -were related to the surgical technique, implant inner geometry (cylindrical or conical cross section), cementing technique and cement viscosity. Two types of cement were used:
-low viscosity (LV); -high viscosity (HV).
Two different cementing techniques were adopted:
-direct, with apposition of the cement directly on the femoral epiphysis; -indirect, in which the cement was applied inside the femoral component.
Two inner geometries of implant were classified: Table 1 presents a summary of the implant type, inner geometry, cementing technique and type of cement used in this study.
A pulsed lavage was used in all cases to reduce local blood perfusion and improve cement bone penetration.
Retrieved implants were subjected to anatomo-pathological and histological examination to detect bone remodelling, avascular necrosis, morphology of the cement mantle and quality of bone cement interface.
Results
No patient was lost during the follow-up. Only one patient was operated on in another institution, but the indication for a revision procedure was clearly established. The survival rate at the end point was 91.66%, with five cases revised at 1.5, 8, 10, 11, and 12 months post-surgery, respectively. Indications for the revision procedure was femoral neck fracture in two cases Fig. 3 , loosening of the femoral component in two cases (Fig. 4) , painful femoral implant with incomplete radiolucency around the stem but resistance to conservative treatment (in the absence of clear radiographic signs of loosening) in one case.
It was quite remarkable that there was an absence of distinctive diagnostic signs, both clinical and radiographic, that anticipated the fractures (1.5 and 11 months postsurgery). One case was actually studied for joint stiffness associated with a slight but progressive opacity within the soft tissue around the hip visible on X-ray (which was not definable as Brooker ossification) 6 months following the initial surgery. The second patient was being monitored for mild pain that appeared 3 months after the initial surgery. This patient was not scheduled for revision due to a clinical remission at 5 months post-surgery with conservative treatment (prolonged abstention from weight-bearing and analgesic therapy) and at the time of the fracture was actually asymptomatic (12 months of follow-up).
The overall rate of complications (including X-ray changes and transient clinical impairment) was 11.66%, with 8.34% of these patients subsequently undergoing femoral implant revision, as stated above (See Table 2 ). The appearance of symptoms in five of the seven more complicated cases (mean interval of appearance after surgery: 4 months) affected the clinical score, determining a bias on the mean value detected in our cohort. Two of these patients were subsequently excluded from the protocol following revision, one patient achieved a clinical remission, while the remaining two are unrevised and being closely monitored. The two fracture cases, as already stated, did not show clear signs of fracture before the complication and, therefore, they were only excluded from the protocol after the revision procedure was carried out.
The mean HHS in the pre-operative clinical evaluation was 55 (range: 44-62). The post-operative HHS for the whole cohort was 77.8 in the first month, 94 in the third month, 98 in the sixth month and 98.7 at 1 year. The mean HHS for uncomplicated cases was 78 in the first month, 95 in the third month, 100 in the sixth month and 100 at 1 year.
An evaluation of the implant orientation revealed a proper positioning, as defined by a variation from the physiological axis on the AP radiogram between ±5°. In the AP plane, 34 implants (56.66%) showed a neutral positioning, as defined by a variation from the physiological cervical axis of ±5°, three implants (5%) were found to have a varus positioning (mean: 7°; range: 5-10°) and 23 of the implants (38.33%) showed a valgus orientation (mean: 6.4°, range: 6-8°).
Two patients presented with supero-lateral notching (less than 3 mm) due to a stem located in the infero-medial quadrant (with the distal edge of the stem at a distance of 3 and 4.4 mm from the inner medial aspect of the cortex, respectively).
Two patients presented a similar radiographic finding associated with a valgus orientation of the femoral component of 8 and 7°, respectively.
Radiographic evaluation according to the Gruen method revealed an absence of radiolucency in 55 patients, while two patients were classified with a score 2 (radiolucency in zone 1), one received a score of 7 (incomplete radiolucency in zones 1-to 3) and two patients, considered to be loose, were given a score of 9 (complete radiolucency in zones 1-3: loosening). The patient with a score of 7 and one of the patients with a score of 9 underwent revision, while the second patient with a score of 9 is currently awaiting revision.
The association of HV cement applied inside a femoral component with a conical inner cross section was detected in five of the seven (85.7%) complicated cases (including the patient with pain relieved after 5 months). In the sixth case, a LV cement was used in association with the same component, while the seventh patient was treated with HV cement applied inside a cylindrical inner cross section.
A statistical analysis of the significance of these parameters (inner cross section, cement viscosity, cementing technique) as related to implant failure was conducted. The four implants used in this study were classified as types A, B, C and D, respectively, where only the Type C femoral component has a conical cross section; the remaining three types have a cylindrical cross section ( Table 1) . Viscosity of the cement used during the procedure (high/low) and the cementing technique (direct/indirect) were analysed for each type, and a statistical analysis on the association between these variables and clinical/radiographic complications was carried out. 
Anato-pathological and histological examination of three retrieved specimens revealed extended signs of necrosis throughout the epiphysis (one fractured, two loosened, one with pseud-arthrosis hidden by the femoral component) that extended to the femoral neck. Macroscopic observation of the fourth specimen (aseptic loosening, actually under anatopathological examination) revealed a wide resorption of the femoral epiphysis similar to those classified as necrotic (the data for the fifth case of anato-pathological evaluation, third in order of revision procedure; are not available because revision occurred in another institution).
A polar concentration of HV cement was detected in three of these implants; this was associated to focal necrosis beneath the mantle, with a lack of equatorial cement interdigitation (Fig. 5) and with a massive LV cement penetration into the epiphyseal bone with extended aseptic necrosis (manifesting as pseud-arthrosis; Fig. 6a,b) .
Discussion
Resurfacing arthroplasty is currently considered to be the most conservative option for total hip joint reconstruction in young, active adults [7, 10] . However, even with international series based on a mid-term experiences of its application (in some cases with broader indications to arthritis, including avascular necrosis and dysplasia [2, 8] ) showing excellent results, more than one concern has been expressed about the reproducibility of these results. In addition, although the definitive proposition of a hybrid implant (cementless acetabular cup, cemented femoral component) as the best solution for this procedure, which has developed since the earlier catastrophic attempts with the cemented cup [12] or cementless femoral component [9] , has produced more homogeneous results in different series, controversy remains undiminished in some scientific communities. One reason for this is that, despite good to excellent mid-term survival rate and functional results, this procedure seems to be burdened by a considerable risk of early biological failure (within the first year).
Our series consisted of a population of patients selected on the basis of age (not over 60 years) and pathology (primary or secondary osteoarthritis). As much as possible, we excluded local conditions able to significantly influence the early behaviour of the components, such as low BMD, dysplasia, avascular necrosis and other major morphological or biological changes. Nevertheless, we report here an 11.66% rate of complicated cases within the first year of follow-up, with an 8.34% rate of revision [not including a patient who is currently being closely monitored; this could increase the revision (failure) rate to 10%]. These quite negative results, which are worse than most reported to date in international series [17] [18] [19] , are quite dramatic considering the early presentation of the failures and the need to proceed with a revision within the first year after the initial surgery. A recent systematic review by Wyness [20] on the available evidence published before 2002 detected a revision rate between 0 and 14.3% [majority of revision surgery was due to fractures (56%), followed by loosening (19%), infection (11%), avascular necrosis (11%) and dislocation (3%)].
However, our excellent results in the uncomplicated cases have led us to be prudent before condemning The need of a wide postero-lateral surgical exposure to prepare the femoral epiphysis, with a circumferential capsular release, has been advocated as the possible origin of the critical interruption of blood supply that could lead to delayed avascular necrosis of the retained femoral head and lead to component loosening [14] . There are published reports of histological signs of avascular necrosis rate in about 92% in the retrieved cases revised for aseptic loosening or femoral neck fracture (12 of 13 cases revised) [15] . A relationship between the involution of the cervical or cephalic bone and loosening or fracture seems to be a fact, but it is not clear why this happens only in certain cases and not in others (in particular, in our series all the procedures were performed by the same surgeon using the same surgical exposure in the absence of technical variations in the access. Moreover, patients with avascular necrosis preceding the surgery were excluded from our protocol).
Although these discussions on the true impact of surgical exposure on the risk of developing a secondary necrosis have not resulted in an unambiguous conclusion, some authors have proposed the lateral approach as a possible alternative option, while other authors [14] recommend resurfacing procedures with a careful dissection of the capsule to preserve the retinacular vessels or suggest, even for resurfacing hip arthroplasty, other experimental approaches for intracapsular surgical procedures (digastric trochanteric osteotomy, with capsule exposure proximal to piriformis muscle) [16] . This last option should increase the surgeon's awareness of experimental minimally invasive surgical exposure which could increase the risk of neurovascular damage [1] .
There are, however, more conclusive proposals relating the mechanical failure of the femoral component to malpositioning or the cementing technique.
A proper alignment with the femoral neck represents a key point of the surgical technique, and is based upon slightly different instrumentation with each different implant. An improper alignment can impair mechanical resistance to neck fracture due to a proximal notching or a stress concentration at the edge of the neck [4] . An in vitro study on cadaveric specimens [13] reported a significant reduction of the load capable of fracturing the femoral neck in the presence of a proximal notching of 4 mm (4865 N compared to 7043 N); conversely, a 15 and 21% increase in the stress distribution at the anterior-superior and posterosuperior aspect of neck, respectively was detected in the presence of 10°of varus positioning.
It is quite remarkable that our two fractured patients had neither a significant notching nor an evident varus positioning, while cases with proximal notching (<3 mm) or a case with severe varus alignment (10°) did not suffer from such a complication. Extended necrotic changes were observed in our fractured specimen, and the relationship between avascular necrosis and fracture risk (as suggested by several authors [15] ) could surpass mechanical explanations for this complication.
An extremely interesting article recently published [5] has focused on a possible biological and mechanical phenomenon -super-imposition in the presence of notching. Using laser Doppler flowmetry, the authors measured the blood flow in 14 osteoarthritic femoral heads during routine total hip replacement surgery, before and after notching of the femoral neck. In ten hips they were able to detect a reduction in blood flow of more than 50% after simulated notching of the femoral neck due to damage to the extraosseous vessels. This result suggests that this intraoperative complication plays a role in pre-disposing the femoral head to avascular necrosis in addition to the wellknown weakness of cortical neck.
An anato-pathological study of our revised cases and retrospective evaluation of the surgical steps suggests an alternative solution the interpretation of implant loosening: all available retrieved implants showed the association of a conical inner geometry with cement applied into the component itself (three HV, one LV).
The lower polar pressure developed during the positioning of a component with conical inner geometry filled with cement may cause a non-homogeneous distribution of cement, especially around the equatorial aspect of the epiphysis, while the HV of the cement may reduce its sliding at the bone-implant interface and bone-cement interdigitation. This improper technique could lead to a polar concentration of cement, leading to a lack of stability at the equator and excessive thermal stress of the bone beneath the polar cement mass.
However, the retrieved specimen in which LV cement was used inside the same inner geometry showed a massive penetration of cement into the epiphyseal bone. While this finding may contradict the assumption of a low polar pressure, the virtual absence of cement on the equatorial surfaces of the epiphysis itself was confirmed, even for this different cement component. On the other hand, an indirect cement application (inside the component) is suggested for the cylindrical inner surface because of the higher polar pressure that develops during positioning and the ability of this kind of cement to slide and achieve a better interdigitation with bone.
Statistical analysis of variables such as inner geometry (cylindrical/conical), cement viscosity (high/low) and cement application (direct/indirect) revealed that only the inner geometry has a significant correlation with implant early failure. The effects of the other variables were assessed as being non-significant.
The Type C implant produced the most complications (Type C, six complicated cases), and its peculiar inner geometry has been found to be associated with a significant increase in complication risk. On the other hand, the large number of procedures performed with this implant and the indirect application of cement (HV or LV) without complications make these last variables suggestive but not significantly related to failure risk.
With respect to cement distribution, we suggest the use of pulsed lavage and standing time before insertion of the definitive component in order to be able to determine an optimal cement penetration into the cancellous bone. The latter is significantly reduced by insufficient bone cleaning or an improper low density of the cement (unable to be correctly pressurised during component positioning).
The single failure of the Type B implant can be considered to be random.
Extensive osteonecrosis was observed in all of our retrieved implants: one was revised for a clear neck fracture, two showed aseptic loosening and one presented an undetected fracture at the head-neck junction (hidden by the femoral component on the X-ray pre-operative images) and evolving into peud-arthrosis. Even if the necrosis found in the last case could have developed as a consequence of the fracture, the importance of avascular involution of the epiphysis seems to be, as mentioned in the literature, a constant finding in failed resurfacing implants.
The role of surgical devascularisation during the posterolateral approach or thermal necrosis caused by the cement is not clear, although our retrieved cases presented an abnormal concentration at the top of the femoral head or a massive penetration in the same structure.
Although several factors have been proposed to explain the non-homogeneous behaviour of resurfacing implants, the prerogative design of this study (same surgeon, same approach, exclusion of patients with local risk factors) and the weak relationship found between femoral component alignment and implant stability or neck mechanical failure have provided us with the opportunity to move our attention onto technical variables intrinsic to the performance of these procedures. We conclude that only a 360°proper surgical technique, based on a careful dissection of the peri-articular soft tissues, an optimal positioning of the femoral component and an adequate choice of femoral design, cement viscosity and cementing technique for a given implant can lay the foundations for the biological and mechanical success of femoral resurfacing components. The wrong choice/management of even one of these variables can explain failures not clearly referable to crude surgical errors.
Osteonecrosis seems to be involved in most implant failures, even if its role as the primary cause of loosening or fracture has not been clearly established. Future studies will likely focus on this aspect in retrieved specimens, but the key problem remains as to how to avoid an aseptic necrosis after this procedure. Our opinion is that changing the surgical approach from postero-lateral to another less damaging to the medial circumflex artery (such as the lateral approach or the anterior approach) could dramatically reduce this complication, while minimally invasive exposure could increase the risk of vessels being damaged as a result of the restricted visualisation of these structures.
In conclusion, a potential early failure of resurfacing arthroplasty can not be excluded, and the patient should be informed about risk prior to the surgery in accordance with informed consent principles and as a protection to surgeons from legal controversies.
